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We evaluated the effect of long-cycle structured intermittent therapy (SIT; 4 weeks without highly active antiretroviral therapy [ Although highly active antiretroviral therapy (HAART) has significantly reduced mortality due to human immunodeficiency virus (HIV) disease [1] , it is now clear that prolonged treatment that maintains suppression of plasma viremia is unlikely to eradicate HIV infection [2] [3] [4] . Therefore, therapy must be lifelong for most HIVinfected individuals. Unfortunately, long-term HAART may lead to a broad array of significant toxicities, including increases in serum cholesterol, triglycerides, and hepatic enzymes [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Furthermore, as a consequence of toxicity and the requirement for long-term daily medications, adherence to drug regimens is problematic [19] [20] [21] . Finally, 95% of HIV-infected individuals in the world do not have access to therapy because HAART is prohibitively expensive [22] . Thus, although HAART provides extraordinary clinical benefit, it is important to explore alternative treatment strategies to reduce cost and toxicity and, possibly, to enhance adherence.
One strategy that has been studied is structured treatment interruptions. The theory supporting structured treatment interruptions in individuals who have been treated successfully with HAART has been to allow short bursts of plasma viremia during interruptions of HAART to enhance HIV-specific immune responses [23] . Therapy generally is resumed in these studies when the rebounding virus reaches a certain level in the plasma, as opposed to a predesignated time point after interruption. It has been suggested that repeated "autoimmunization" cycles could ultimately lead to control of plasma viremia during extended discontinuation of HAART in certain individuals who were initially treated during acute infection [23] . However, in individuals who began antiretroviral therapy during the chronic stage of infection, the results have been inconsistent, and a significant reduction in HIV plasma viremia from the first to subsequent cycles without HAART occurred in a much smaller proportion of patients than that observed with treatment during acute infection [24] [25] [26] [27] . Our approach has been to evaluate the possibility that structured intermittent therapy (SIT) with predetermined cyclic periods of time with and without HAART could maintain suppression of HIV and preserve levels of CD4 + T cell counts while reducing certain markers of toxicity in individuals with chronic HIV infection.
We previously demonstrated that short-cycle (7 days with HAART followed by 7 days without HAART) SIT with a dual protease inhibitor-based regimen maintained suppression of plasma HIV RNA and preserved CD4 + T cell counts while reducing markers of toxicity in a pilot study of 10 individuals [28] . In the present randomized, controlled trial, we evaluated the effects of repeated long-cycle intermittent antiretroviral therapy (4 weeks without HAART followed by 8 weeks with HAART) on serum lipid levels, hepatic enzymes, high-sensitivity C-reactive protein (hsCRP), plasma HIV RNA levels, CD4
+ and CD8 + T cell counts, markers of cellular immune activation, and CD4 + HIV-specific immune responses.
PATIENTS AND METHODS

Patient characteristics, antiretroviral regimens, and clinical assays. HIV-infected patients with a CD4
+ T cell count 1300 cells/mm 3 who were receiving at least a 3-drug HAART regimen with HIV RNA levels !500 copies/mL plasma for 16 months and !50 copies/mL during screening were eligible for enrollment. Patients could not have a clinical history consistent with drug resistance; however, individuals who had received antiretroviral drugs before initiating HAART were eligible for inclusion in the study. Patients could not have a history of an opportunistic infection other than oral candidiasis or mucocutaneous Kaposi sarcoma. The study was designed for 90 patients randomly assigned to continue HAART or to receive 7 cycles of 4 weeks without HAART followed by 8 weeks with HAART. A schema of randomization is provided in figure 1 . Patients could not receive abacavir or nevirapine during the study as a result of potential problems with cycling with and without these drugs [29, 30] . The protocol was approved by the institutional review board of the National Institute of Allergy and Infectious Diseases, National Institutes of Health, and all participants provided written informed consent.
The primary end point of the study was the proportion of patients in each arm who had plasma HIV RNA levels !50 copies/ mL. Secondary end points included CD4 + T cell counts, levels of serum lipids and liver enzymes, and immunologic markers.
Patients underwent laboratory evaluations at least every 4 weeks, including plasma HIV RNA determined by branchedchain DNA (limit of detection, 50 copies/mL) and lymphocyte subsets, including analysis of lymphocyte activation, by standard flow cytometric analysis. Patients had the option to have more-frequent plasma HIV RNA assays performed during without-HAART periods. HIV-specific immune responses. The frequency of CD4 + T cells specific for HIV was determined by analysis of intracellular interferon (IFN)-g-positive cells after stimulation with HIV NY5 p24 antigen (Advanced Biotechnologies), as described elsewhere [31] . Parameters of toxicity. Measurement of fasting total serum cholesterol, low-density lipoprotein (LDL) cholesterol, triglyceride, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) levels were performed by standard commercial assays every 4 weeks; this evaluation reports data from baseline, week 40 (after the fourth with-HAART period), and week 48 (after the fourth without-HAART period). Plasma hsCRP levels were performed on cryopreserved samples that were processed in single batch via a high-sensitivity (0.01 mg/ dL), 2-site chemiluminescent EIA on the Immulite 2000 instrument (Immulite C-Reactive Protein; Diagnostic Products). The interassay coefficients of variation were 8.0% and 10.7% at mean values of 1.01 and 13.24 mg/dL, respectively, and the intra-assay coefficients of variation were 4.5% and 3.6% at mean values of 0.21 and 0.78 mg/dL, respectively.
HIV genotypic analysis. Genotypic resistance analysis, detecting the presence or absence of resistance-associated mutations in the HIV genome, was performed by population sequencing on plasma HIV RNA (Tibotec-Virco), as reported elsewhere [28] .
Statistical analysis. The sample size was determined for a 1-sided equivalence test of proportions where the proportion of patients with plasma HIV RNA levels !50 copies/mL in each group was 0.95, with power of 0.80 at an a level of 0.05 for the comparison of the group treated with continuous HAART with the group treated with SIT. The maximum allowable dif- ference between the proportions that still resulted in equivalence was 0.15. There was an expected rate of attrition of ∼12%.
Medians and distributions of the data for the 2 treatment groups were compared by the Wilcoxon 2-sample method. The median paired percentage change from baseline to week 40 and to week 48 were tested for significance by the Wilcoxon signrank test. Adjustment of P values for multiple testing was performed by the Bonferroni method. Mean log differences in cycles 2, 3, and 4 plasma HIV RNA levels and that of the first cycle were compared by ANOVA.
RESULTS
Patients.
Fifty-two patients were enrolled in the study; 26 were randomly assigned to receive long-cycle SIT of 4 weeks without HAART followed by 8 weeks with HAART, and 26 were randomly assigned to receive continuous HAART. Although it was originally planned to enroll 90 patients, the study was prematurely terminated to new enrollment after 52 patients had enrolled. New enrollment was terminated as a result of evidence for newly emergent resistance in 3 of 8 patients in the intermittent arm receiving an efavirenz-based regimen. Two patients had both K103N, which is associated with resistance to efavirenz, and M184V, which is associated with resistance to lamivudine, genetic mutations during the fourth or sixth cycle without HAART that were not present during previous cycles of SIT. One patient had a M184V mutation during the fourth cycle without HAART that was not present during previous cycles of SIT. Two patients randomly assigned to SIT who received a protease inhibitor-based regimen had evidence for emergence of mutations that are associated with resistance to nucleoside reverse-transcriptase inhibitors during cycle 2 without HAART; one patient had an M184V mutation and one had a T215Y mutation. There was no evidence of the emergence of resistance in patients who received continuous HAART. Three of the 5 individuals in the SIT arm with evidence for the emergence of resistance had received suboptimal therapy with antiretroviral drugs before the initiation of HAART. Of the 26 patients randomly assigned to receive SIT, 11 were receiving their first HAART regimen at the time of enrollment, 8 had received previous therapy with HAART, and 7 had received suboptimal antiretroviral therapy before HAART. Of the 26 patients randomly assigned to receive continuous therapy, 11 were receiving their first HAART regimen at the time of enrollment, 9 had received previous therapy with HAART, and 6 had received suboptimal antiretroviral therapy before HAART.
Six of the 52 patients who were enrolled in the study withdrew voluntarily before 48 weeks (4 in the SIT arm and 2 in the continuous HAART arm) as a result of difficulty traveling for study visits (4 patients), psychological reasons (1 patient), and discontent with assignment to the continuous arm (1 patient). Of the 46 patients who did not voluntarily withdraw from the study before 48 weeks, 41 patients (19 patients assigned to the intermittent arm and 22 patients assigned to the continuous arm) completed 48 weeks of the trial protocol and had sufficient data for analysis; these individuals are included in this analysis. The analysis was performed after 4 cycles of SIT or 48 weeks of continuous HAART rather than at the end of the 7 cycles of the original study design. Table 1 summarizes the relevant characteristics of the 41 patients who were included in the analysis of the study.
Serum lipid levels.
We previously demonstrated that short-cycle SIT significantly reduced serum total and LDL cholesterol and serum triglyceride levels in a pilot study of 10 patients [28] . To evaluate the effect of long-cycle SIT, we evaluated these parameters of toxicity at baseline, week 40 (after the fourth without-HAART period for patients receiving intermittent HAART), and week 48 (after an 8-week resumption of HAART for patients receiving intermittent HAART) in patients receiving long-cycle versus continuous HAART. There was no difference in the 2 groups at baseline with respect to these 3 markers, and although there was a significant difference in total serum cholesterol and triglyceride levels at week 40 ( for both) between patients who received long-cycle P p .04 SIT versus continuous HAART, there was no significant difference in these parameters at week 48. There was no difference between the groups with respect to LDL cholesterol at any time point evaluated (table 2 ). An analysis of the numbers of patients with abnormal values of serum triglyceride, total cholesterol, and LDL cholesterol is provided in table 3.
In addition, there was a significant reduction at week 40 in the intermittent therapy arm in triglyceride levels, compared with baseline values (median, Ϫ21%;
), total serum P p .04 cholesterol levels (median, Ϫ19%;
), and LDL cho-P p .001 lesterol levels (median, Ϫ15%;
). However, at week P p .001 48, there was no significant change compared with baseline in serum triglycerides (median, +2%; ), total serum choles-P 1 .5 terol (median, Ϫ5%;
), and LDL (median, Ϫ2%; P p .13 P 1 ). There was no significant change at week 40 or week 48, .5 compared with baseline in patients who received continuous therapy in triglyceride (week 40 median, +20%;
; week P p .17 48 median, +10%; ), total cholesterol (week 40 median, P p .15 +5%;
; week 48 median, +5%; ), or LDL cho-P p .22 P p .26 lesterol levels (week 40 median, +4%;
; week 48 median,
) (data not shown).
It is of note that 1 patient who received long-cycle SIT and 3 patients who received continuous HAART had been receiving lipid-lowering agents before enrollment. In addition, no one who received long-cycle SIT and 1 patient who received continuous HAART initiated therapy with lipid-lowering agents during the 48 weeks of the study that were evaluated. When we excluded these patients from the analysis, the results were similar; there was no significant difference in median levels of serum triglyceride, total cholesterol, or LDL cholesterol at baseline or week 48 between patients who received SIT or continuous HAART ( to ). At week 40, there was a P p .15 P 1 .5 significant difference in median levels of serum triglyceride ( ) and total cholesterol ( ) between patients who P p .05 P p .05 received SIT or continuous HAART.
Plasma hsCRP levels.
It has been demonstrated that hsCRP is a highly sensitive marker for determining the risk of cardiovascular disease [32] . Therefore, we evaluated the effects of long-cycle intermittent versus continuous HAART on plasma hsCRP levels. There was no significant difference in the baseline, week 40, or week 48 median levels of hsCRP between patients receiving long-cycle SIT versus those receiving continuous HAART (table 2 ). In addition, there was no significant change in levels of hsCRP, compared with baseline, in patients receiving long-cycle SIT or continuous HAART at week 40 (median, Ϫ26%;
; median, +4%, ) or week 48 (median, Ϫ7%; P 1 .5 P 1 .5 ; median, +9%, ) (data not shown). P 1 .5 P 1 .5 Hepatic enzymes. Certain antiretroviral drugs are known to cause significant elevations in hepatic enzymes in HIV-infected individuals [16] [17] [18] . Therefore, we evaluated the effects of long-cycle intermittent therapy on serum levels of ALT or AST. Patients were ineligible if they were positive for hepatitis B surface antigen. However, 9 of 19 patients in the SIT arm and 12 of 22 patients in the continuous arm were reactive to hepatitis B core and surface antibody. Three patients in the SIT arm and no patients in the continuous arm were reactive to hepatitis C.
There were no significant differences in serum levels of ALT and AST in patients receiving intermittent versus continuous HAART determined at baseline, week 40, or week 48 (table 2) . In addition, there was no significant difference in the change in ALT levels, compared with baseline levels, in patients receiving long-cycle SIT or continuous HAART at week 40 (median, 9%;
; median, Ϫ2%; , respectively) or week P 1 .5 P 1 .5 48 (median, Ϫ8%;
; median, Ϫ6%;
). There was P p .5 P 1 .5 no significant change in AST levels, compared with baseline levels, in patients receiving long-cycle SIT or continuous HAART at week 40 (median, Ϫ12%;
; median, +8%; P 1 .5 , respectively) or week 48 (median, Ϫ10%;
; me-
, respectively) (data not shown). One patient P 1 .5 in the SIT arm and 8 patients in the continuous HAART arm had abnormal (134 IU/L) ALT levels at baseline. At week 40, 3 patients in each arm, and at week 48, 3 patients in the SIT arm and 5 patients in the continuous arm, had abnormal ALT levels (data not shown). For AST, 1, 1, and 0 and 3, 3, and 1 patients in the intermittent and continuous arms had abnormal (141 IU/L) levels of AST at baseline, week 40, and week 48, respectively (data not shown).
Effect of long-cycle intermittent versus continuous HAART on plasma HIV RNA levels. The primary end point of the study was the number of individuals receiving long-cycle intermittent versus continuous HAART who had plasma HIV RNA levels !50 copies/mL as determined at 92 weeks of study participation. Because new enrollment was prematurely terminated, this end point could not be evaluated at 92 weeks. However, 5 (26%) of 19 patients receiving long-cycle intermittent HAART and 2 (9%) of 22 patients receiving continuous HAART had plasma HIV RNA levels 150 copies/mL at week 48 (range, 69-265 copies/mL for patients receiving intermittent HAART and 94-228 copies/mL for patients receiving continuous HAART; data not shown). Of the 5 patients receiving intermittent HAART who had plasma HIV RNA levels 150 copies/mL at week 48, 3 had evidence for resistance to antiretroviral medications that they were receiving (data not shown). In addition, 19 of 22 patients receiving continuous HAART experienced at least 1 plasma HIV RNA level 150 copies/mL for a total of 43 times over 48 weeks (mean, 325 copies/mL; range, 50-2520 copies/mL); 3 patients experienced levels 11000 copies/mL.
The present study was not designed to evaluate the kinetics of rebound plasma HIV RNA after sequential interruptions of HAART; patients were not required to undergo measurements of plasma HIV RNA other than at week 4 of each interruption. However, of the 114 cycles without HAART among the 26 patients randomly assigned to SIT, 3 patients had plasma HIV RNA levels !50 copies/mL at week 4 without HAART during 5 of 14 cycles without HAART. In addition, there were data to evaluate the level of plasma HIV RNA at 7 days without HAART during the first interruption cycle in 19 patients with levels of plasma HIV RNA !50 copies/mL at baseline. Two (11%) of 19 patients randomly assigned to receive SIT had 150 copies/mL (336 and 955 copies/mL) of plasma HIV RNA on day 7 of the first without-HAART period (data not shown).
Although this study was not designed to evaluate the potential role of autoimmunization in the control of levels of plasma HIV RNA, the data suggest that multiple interruptions of HAART do not result in immunological control of levels of plasma HIV RNA in patients with chronic HIV infection. The mean log difference in plasma HIV RNA levels from the first to the second, third, and fourth cycles of treatment interruptions of Ϫ0.33, Ϫ0.27, and Ϫ0.46, respectively, were not significantly different ( for all cycles) (data not shown). P 1 .5 Effect of long-cycle intermittent versus continuous HAART on immunologic parameters. There was no significant difference in the median absolute CD4 + or CD8 + T cell counts (table 4) .
There was no significant difference between patients who received long-cycle SIT versus continuous HAART in HIV-specific CD4 + T cells as determined by production of intracellular IFNg in responses to HIV p24 antigen evaluated at baseline or week 48 (table 4 ). In addition, there was no significant difference at these time points in responses to control antigens cytomegalovirus and staphylococcal enterotoxin B (data not shown).
DISCUSSION
The present study demonstrates that long intermittent therapy with HAART does not result in a diminution of toxicities associated with administration of HAART, nor does it enhance or decrease measurable immunologic parameters. In addition, longcycle intermittent therapy that results in rebound of plasma vi-remia during the without-HAART periods had no significant beneficial effect on the control of plasma viremia, which suggests that clinically significant autoimmunization against autologous virus does not occur in this setting.
It has been shown that HAART can cause significant increases in important markers of toxicity, including serum cholesterol and triglyceride levels and hepatic enzymes [12, [15] [16] [17] [18] . These increases in serum lipid levels may contribute to the increased risk of cardiovascular disease that has been observed in some [33] [34] [35] [36] , although not all [37] , studies of HIV-infected patients receiving HAART. Furthermore, it has been suggested that certain toxicities develop in an accumulated way over time as a result of increased exposure to the medications [6, 8, 14] . Therefore, it was reasonable to evaluate if less total time receiving antiretroviral therapy, administered as intermittent therapy, could significantly reduce the levels of certain parameters of toxicity. In this regard, we have previously demonstrated that short-cycle SIT of 7 days with HAART, followed by 7 days without HAART, resulted in significant reductions in serum total cholesterol, LDL cholesterol, and triglyceride levels [28] .
In contrast, in the present study, we demonstrated that longcycle intermittent HAART, administered as 4 weeks without HAART followed by 8 weeks with HAART, did not significantly reduce levels of these serum lipid levels after 48 weeks (4 cycles) of intermittent therapy. The lack of a reduction in serum lipid levels with long-cycle SIT is likely the result of the lengthy period of time required to suppress plasma HIV RNA after an interruption that results in rebound plasma viremia. In this regard, the short-cycle strategy allowed for 50% less drug exposure than continuous HAART versus 30% less drug exposure than continuous HAART with the long-cycle strategy used in this study.
It is of note that median serum total cholesterol and triglyceride levels were significantly reduced in patients who received long-cycle SIT at week 40, the end of the fourth without-HAART period, but not at week 48, the end of the fourth with-HAART period, compared with patients who received continuous HAART. The pattern of decreased median serum lipid levels during the without-HAART periods that were abrogated during the with-HAART periods was observed with each cycle of intermittent therapy (data not shown). It is unclear whether these periodic reductions in lipid levels could ultimately result in a clinical benefit to patients over time. In this regard, there may be a difference in the number of patients who develop high levels of serum lipid levels over time. Clinical end point studies are necessary to evaluate these possibilities.
It has been demonstrated that hsCRP levels are highly predictive of the risk of cardiovascular disease [32] and that hsCRP levels can be elevated in patients receiving HAART [38] . In contrast to serum lipid levels, in which fluctuations in mean levels between with-HAART and without-HAART levels were observed, there was no significant difference between patients receiving long-cycle intermittent versus continuous HAART in hsCRP levels at any time point that was evaluated. Because hsCRP can be a marker of immune activation [32, 38] , a potential decrease in plasma levels that result from an interruption of HAART, which we did not observe, could have been balanced by an increase in immune activation that was observed during the without-HAART periods as a result of a rebound in plasma HIV RNA. In this regard, long-cycle SIT resulted in a significant increase in the percentage of CD8 + T cells that expressed DR and CD38, markers of immune activation. Furthermore, there was no significant difference in mean levels of the hepatic enzymes ALT or AST from determinations made during the fourth with-or without-HAART period in patients who received longcycle SIT. Therefore, there was no difference in ALT, AST, or hsCRP levels between patients who received long-cycle SIT versus continuous HAART.
This study had a primary end point of number of patients with plasma HIV RNA levels !50 copies/mL at the end of the seventh with-HAART period of SIT. Because the study was prematurely terminated to new enrollment, it was not possible to evaluate this primary end point. Of note, 14 (74%) of 19 of patients randomly assigned to receive SIT achieved !50 copies/mL of plasma HIV RNA after the fourth with-HAART period. Therefore, it may be possible to design strategies whereby patients continue to receive HAART for 18 weeks to achieve low levels of HIV replication before subsequent cycles of SIT. In this regard, it may be possible to design long-cycle SIT strategies that do not result in the emergence of resistance to antiretroviral drugs.
Although the strategy that we have investigated in this trial was not designed to evaluate autoimmunization (patients resumed therapy at a predetermined time point after interruption, rather than after reaching a certain predetermined level of rebound plasma viremia), the lack of a significant change in plasma HIV RNA levels from the first through the fourth cycles of SIT did not provide support for a significant autoimmunization effect in the patients who were evaluated. These results are consistent with some previous reports of patients who were treated with HAART during chronic HIV infection [25, 27, 39] . In addition, although some reports have demonstrated a persistent increase in CD4
+ HIV-specific immune responses as a result of treatment interruptions in patients treated with HAART during chronic HIV infection [40] , our results were consistent with reports in which there was no significant enhancement of these responses as a result of multiple interruptions in HAART [39, 41] .
The lack of a significant decrease in median absolute CD4 + T cell count at week 40 of SIT (after the fourth without-HAART period), compared with continuous HAART, likely occurred because levels of rebound plasma HIV RNA after only 4 weeks of treatment interruptions were relatively low and quite variable. Patients with relatively low plasma HIV RNA plasma after a without-HAART period may not be expected to have a substantial decrease in peripheral CD4 + T cell counts. In this regard, the mean plasma HIV RNA level at week 40 was log 10 3.57 among the patients who received long-cycle SIT. Substantial decreases in CD4 + T cell counts were observed in certain patients with relatively high levels of plasma HIV RNA after a 4-week interruption in HAART (data not shown).
Thus, we have demonstrated that there was a lack of clear benefit in terms of virologic and immunologic effects, as well as of multiple parameters of toxicity, after 48 weeks of longcycle SIT versus continuous HAART. The emergence of genetic mutations in HIV that are associated with resistance to antiretroviral drugs led to the premature termination of new enrollment in the study. Potential benefits to long-cycle intermittent therapy should be weighed against this risk. In this regard, because a reduction in markers of toxicity, such as serum lipid and liver enzyme and hsCRP levels evaluated in this study, is one of the major reasons for patient and clinician interest in treatment interruption approaches, the lack of a reduction in the long-cycle SIT versus continuous groups in these levels at 48 weeks may be important for assessing the relative advantages of certain treatment strategies. However, because periodic reductions in serum total cholesterol and triglyceride levels were observed during the without-HAART intervals, there may be a long-term advantage to intermittent decreases in certain markers of toxicity. In addition, if safe regimens can be identified, long-cycle SIT for the sole purpose of less time receiving HAART to reduce the cost of treatment or to provide respites from continuous therapy may be an important clinical strategy; such approaches may have particular relevance in resource-limited settings. Larger studies with longer follow-up are necessary to evaluate these possibilities.
